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ABSTRACT 
SPRING LAND BIRD MIGRATION ALONG THE NORTHERN COAST OF THE 
GULF OF MEXICO: MULTI-SCALED INVESTIGATION OF STOPOVER 
ECOLOGY WITHIN AN URBANIZED LANDSCAPE 
by Jill Marie Gautreaux 
August 2013 
Two-thirds of bird species breeding in eastern N. America annually migrate from 
temperate breeding grounds to tropical wintering locations, engaging in non-stop 
movement directly across the Gulf of Mexico (GOM). Thus, millions of migrants 
concentrate in woodlands along the northern Gulf coast during spring and fall passage. 
These coastal landscapes are some of the most rapidly developing areas in the U.S. with 
population growth rates five times higher than that of inland areas. Anthropogenic 
pressures, along with human-created (e.g., oil spills) and natural disturbances (e.g. , 
hurricanes), result in rapid degradation of sensitive coastal ecosystems, creating tension 
between importance of coastal landscapes for economic development and their value for 
energetically constrained migratory birds. There is urgency in conserving coastal habitats 
and identifying important stopover areas across the entire GOM to create a framework for 
monitoring critical habitats, design management and restoration strategies, and inform 
conservation goals. 
I used a multi-scaled approach to investigate migrant-habitat relations in a 
heterogeneous coastal landscape beginning with a broad, regional perspective and 
focusing more narrowly to ground-based study of individual migratory birds during 
spring stopover. At the regional level, I used weather surveillance radar to analyze 
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migrant distributions. A network ofNext Generation Radar stations (NEXRAD) exists 
along the GOM coastline, and their surveillance areas encompass a significant portion of 
habitats critical to migratory birds in a heterogeneous landscape with urban development 
adjacent to fragile chenier plains, bottomland hardwood forests, and coastal marshes. I 
analyzed archived radar data for spring migratory periods over four )'ears at five of these 
stations. Reflectivity, a measure of returned radio energy from objects in a sampled 
volume of airspace and an index of relative bird density, was used to determine 
distributions of migrants across the region and within each radar sampling range, 
effectively highlighting important stopover habitats. Regional reflectivity revealed two 
peaks in migrant densities: (1) near -91 ow in Louisiana and (2) at -84°W near 
Tallahassee, Florida. Migrant densities within hardwood forests peaked within 10 
kilometers of the coastline. At the local level, high reflectivity was apparent at the 
immediate coast within some radar ranges regardless of habitat type, but the highest 
migrant densities were associated with bottomland hardwood forests further inland. 
To investigate landbird migrant stopover ecology immediately along the coast, I 
measured behavioral and physiological responses of migrants to human-dominated 
landscapes as stopover sites along the Mississippi Gulf coast by quantifying migrant 
densities, condition, fat deposition, and potential for competitive pressure within forested 
patches that varied in size (two :Sl ha; two ~160 ha). Fuel deposition may be considered 
currency for successful travel optimization, particularly following trans-Gulf flight when 
migrants often must replenish depleted energy stores. Factors affecting site-specific fuel 
deposition were analyzed including plasma metabolite profiles and migrant to arthropod 
ratio as a measure of potential competition. Transect surveys and arthropod surveys were 
lll 
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conducted during two spring migration events, and circulating triglyceride levels were 
identified from blood samples for comparative investigation of fuel deposition. Results 
revealed that migrants stop in coastal forests regardless of habitat patch size which 
suggests that coastal woodlots embedded in heavily urbanized settings may provide 
valuable opportunities for rest for en route migrants before continuing to stopover 
sites further inland. Migrants were more concentrated in smaller forested patches, and 
triglyceride levels and potential competitive pressure varied across stopover sites 
suggesting differences in fuel deposition of migrants across coastal habitats. 
IV 
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CHAPTER I 
BACKGROUND AND RESEARCH RATIONALE 
Introduction 
Migration is a fundamental phenomenon in the life histories of many 
organisms. The migratory journey is facilitated by highly specialized adaptations 
such as seasonal changes in morphology, physio logy, and behavior and mechanisms 
that aid in orientation and navigation over long distances and across ecological 
barriers (e.g. endogenous clocks, cognitive maps) (Dingle, 1996). For example, 
approximately two-thirds of all bird species that breed in eastern North America 
annually migrate from temperate breeding grounds across the Gulf of Mexico to 
tropical wintering locations. Consequently, millions of migrants concentrate in 
woodlands along the northern Gulf coast before and after making a nonstop 18-24 
hour trans-Gulf flight over greater than 1,000 km. These narrow coastal landscapes 
are important links in the chain of stopover areas for many eastern migrants as they 
are the first refueling locations after arrival in spring and the last staging sites prior 
to departure for trans-Gulf flight in autumn (Alerstam, 1978; Buler and Moore, 
2011 ; Moore et al. , 1995). 
A migrant' s relation to habitat is scale dependent and determined by a 
complex interplay between factors intrinsic (e.g. , energetic condition) and extrinsic 
(e.g., weather) to an individual which may constrain opportunities to select among 
available habitats (Figure I a) (Moore, 2000). After crossing a large ecological 
barrier, spring migrants may be energetically constrained and forced to land to rest 
and replenish fuel in the first areas encountered where resource-rich habitat may be 
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effectively limited (Mehlman et al. , 2005; Moore and Kerlinger, 1987; Moore et al. , 
1995). Energetic constraints may compromise migrants' ability to explore available 
habitat patches within a landscape and to make habitat decisions at the finer local 
and within-patch scales. Simultaneously, broad scale extrinsic factors such as 
weather patterns are coupled with endogenous factors to determine where migrants 
make landfall, often regardless of habitat suitability. In fact, weather radar 
observations reveal that migrating birds stop in high densities in close proximity to 
the coastline after crossing the Gulf of Mexico in spring, and their distribution 
suggests that they are under strong extrinsic .constraints (Figure 2, Buler, 2006; 
Buler and Moore, 2011 ). High densities of spring migrants occur over urbanized 
areas and other habitat types not typically categorized as high quality for migratory 
land birds. Bands of habitat within 10 km of the coast are sometimes characterized 
as "fire escapes" in that birds are forced by extrinsic factors to use these areas for 
rest and refueling before continuing the migratory journey (Mehlman et al., 2005). 
While migrants certainly utilize these near coast habitats, we actually know very 
little about their quality and suitability for migratory birds. 
At the same time, coastal landscapes are the most rapidly developing areas in 
the United States with population growth rates five times higher than that of inland 
areas. From 1960 to 2015, population density in coastal counties will increase from 
187 to 327 persons per square mile. Over half of the human population of the 
coterminous United States lives within 50 miles of our coasts (Culliton, 1998). 
Large expanses of the northern coast of the Gulf of Mexico are characterized by 
casinos, resorts, condominiums, large coastal homes, and other major commercial 
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and industrial developments. Abdollahi et al. (2005) characterized the mosaic of 
isolated remnant trees and forested patches within these heavily urbanized 
landscapes as urbanforest and showed 20% canopy loss from this already depleted 
landcover type since 1990 along the Mississippi Gulf coast, making vast regions of 
the coastline virtually unusable as resting and refueling sites for migrants during 
passage. Anthropogenic pressures (e.g., oil spills) and natural disturbances (e.g. , 
hurricanes) result in loss and fragmentation of sensitive coastal ecosystems and 
increase stochasticity in migrant mortality risk, creating tension between the 
importance of coastal landscapes for economic development and for migratory 
birds. With increasing urbanization worldwide, migrants regularly encounter 
anthropogenically-impacted, fragmented habitats en route, yet the response of 
migratory birds to these habitat alterations and landscape changes is poorly 
understood. Many human-induced causes of migrant mortality such as structural 
collisions and predation by domesticated animals (e.g. , cats) are directly measurable 
(Erickson et al. , 2005); however, individual mortality due to large-scale, ongoing 
anthropogenic habitat changes across the extent of migration routes is virtually 
unquantifiable. Moreover, the high rates of coastal development and 
disproportionate importance of these areas to migrating birds creates urgency m 
conserving coastal habitats and understanding the impacts on birds that stop in 
fragmented urbanized landscapes. With increasing evidence that stopover habitat 
may be limiting to populations (Hutto, 1998; Hutto, 2000; Newton, 2006), multi -
scaled investigation of migrant response to urban settings is essential to forming 
effective conservation strategies (Moore et al., 1995). 
1-· -
Research Objectives 
The primary objective of this research is to investigate migrant-habitat 
relations in a heterogeneous landscape using a top-down approach, i.e., from a 
broad, regional perspective to a more narrowly focused ground-based study of 
individual migratory birds during stopover (Figure 1 b). Tools appropriate for each 
scale of inquiry were chosen accordingly and results are presented in the following 
two chapters (Figure lc). 
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Chapter II describes the use of weather surveillance radar to identify migrant 
distributions across the northern coast of the Gulf of Mexico during spring 
migration. I present two approaches to use of radar for making inferences about 
migrant use of the landscape. First, I present a continuous regional view of migrant 
distribution to illustrate broad migration patterns across all Gulf coast states. 
Second, I present a more localized view of migrant distribution by mapping 
stopover habitat use within the sampling range of each radar station, effectively 
highlighting areas used by spring migrants at each location and allowing insight to 
migrant associations with the various land cover types that make up this complex 
landscape. 
Chapter III presents research focused within specific habitat patches 
embedded in the landscape described in chapter II. Specifically, I conducted 
ground-based work within an area of one radar sampling range characterized by 
intense urbanization at the immediate coast. At this level, I quantified migratory 
bird densities and associated resources and collected endogenous measurements of 
migrant condition and performance to understand utilization and quality of this 
developed landscape. 
Significance of Research 
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Nearctic-Neotropical migratory birds breeding in forests of the eastern 
United States have shown population declines in recent decades (Askins, 1990; 
McNulty et al. , 2008; Robbins et al., 1989). Evidence suggests that significant 
annual mortality occurs en route and that loss of stopover habitat may limit 
successful migration (Newton, 2006), yet most research focuses on migrant-habitat 
interactions on breeding and wintering grounds or on local-scale studies of en route 
habitat use (Newton, 2004; Sherry and Holmes, 1995; Sherry and Holmes, 1996; 
Sillett and Holmes, 2002; Smith et al. , 201 0). Large gaps exist in our knowledge of 
stopover habitat requirements due to difficulty in identifying relative impacts of the 
extrinsic and intrinsic factors that influence migration success and dictate habitat 
use across space and time during migration (Heglund and Skagen, 2005). This 
research begins to answer questions concerning urban habitat use during stopover 
after trans-Gulf flight. While these questions are many and complex, studies at the 
scales of investigation in this project are an ideal starting point for teasing out the 
intricacies of migrant urban ecology during initial stopover. 
The field of urban ecology is young, and answers to questions surrounding 
organismal function in urban landscapes are few (Alberti et al. , 2008). The attempt 
to understand migrant-habitat relations in an urban landscape is complicated by 
uncertainty surrounding migrant population limitation and the void in understanding 
of urban ecosystems. If heavily urbanized sites provide sufficient resources for a 
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migrating bird to rest and/or refuel to continue to its next stopover site or to its 
breeding territory, then coastal developmental planning that involves maintenance 
of even the smallest wooded habitats will be a critical component of conservation 
strategy fo r declining Nearctic-Neotropical migrant populations. This outcome 
would demonstrate the importance of preservation of minimally-sized coastal forest 
tracts and of citizen awareness of backyard woodlots and their importance for 
migratory birds. 
This study provides a foundation for asking additional questions about en 
route associations of migrants with anthropogenic habitats: 
1. How do migrants make subsequent movement decisions in response to 
varied land cover types at both local and regional scales during and after 
initial stops in human-dominated landscapes? 
2. Do migrants respond differentially to habitat development at the 
immediate coast versus further inland? 
3. Do isolated coastal stopover habitat patches within an urban landscape 
create a sort of "sink" scenario in which migrants are unable to meet the 
necessary challenges to continue migration from these sites? 
a) 
c) 
Habitat 
Patch 
Individual 
b) 
Habitat 
Patch 
Individual 
Figure 1. Large concentric circles indicate levels or scales at which coastal stopover 
habitat use during spring migration were investigated. a) Branching circles represent 
examples of intrinsic and extrinsic factors dictating stopover habitat use at each level. 
b) Branching ovals represent research goals/objectives at each level. c) Branching 
circles represent tools used to achieve research goals at each level. 
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Figure 2. Map of seasonal mean radar reflectivity along the Mississippi gulf coast 
during A) autumn and B) spring. Reflectivity describes the amount of radar echo 
produced by targets distributed throughout the volume of airspace being sampled 
and is used as an indicator of bird density. Areas of white denote missing or 
excluded radar data. Reproduced from Buler (2006) 
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CHAPTER II 
USE OF WEATHER SURVEILLANCE RADAR TO IDENTIFY HABITATS USED 
BY INTERCONTINENTAL MIGRATORY LANDBIRDS 
9 
ALONG THE NORTHERN COAST OF THE GULF OF MEXICO DURING SPRING 
Introduction 
Weather surveillance radar is an effective tool for obtaining quantitative 
estimates of bird densities at large scales and for examining bird movements across 
a landscape (Buler and Diehl, 2009; Gauthreaux and Belser, 1998). Investigation of 
migrant activity and distribution across an entire region using weather surveillance 
radar provides a broad-scale view of habitat use and a framework for understanding 
critical habitats, designing management and development strategies, and informing 
conservation goals. Radar data may be used as an indicator of bird distribution and 
abundance across a study area for a landscape-scale spatiotemporal view of 
migration. Information on broad-scale migrant distributions and activity can 
supplement data gathered via ground-based techniques (i.e. , capture/marking, 
surveys) to provide a multi-scale perspective of habitat use (Moore et al., 1995, 
Moore et al., 2005). Additionally, historic radar data from years before the onset of 
ground surveys may be incorporated to consider overall patterns in use of these sites 
over longer periods and with anthropogenic landscape changes. 
Passerine migrants are capable of completing long distance nocturnal flights 
but stop frequently along their migration routes to rest and refuel during daylight 
hours (Chernetsov, 2012). Nocturnally migrating birds depart stopover habitat 
patches shortly after civil twilight to continue migration (Kerlinger and Moore, 
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1989). This event, known as "exodus," is evident in unfiltered weather surveillance 
radar imagery (Gauthreaux, 1971), and the data are archived and accessible from the 
National Climatic Data Center operated by NOAA. Weather survei llance radars 
provide quantitative measurements of radio energy reflected throughout the sampled 
airspace, not only from precipitation, but also from biological targets (e.g., birds, 
insects). Their data archive is arguably one of the largest and most valuable 
biological datasets in existence. 
The surveillance area of five radar stations along the northern GOM coast 
(Figure 3) encompasses a highly heterogeneous landscape with urban development 
adjacent to fragile chenier plains , bottomland hardwood forests , and coastal marshes 
providing an ideal framework for investigating broad-scale habitat use by landbird 
migrants upon immediate arrival in North America during spring migration. 
Migrant distributions have been assessed at some of these five radar stations (Buler 
and Moore, 2011 ; Gauthreaux, 1971 ), but there is currently no seamless view of 
land bird stopover across the entire northern coast of the Gulf of Mexico. 
Understanding migrant distributions throughout this coastal landscape is difficult 
because migrant-habitat associations are influenced by a complex array of intrinsic 
and extrinsic constraints (Buler et al. , 2007; Moore, 2000). Therefore, identification 
of landscape-level patterns in habitat use is critical for disentangling the many 
factors that may dictate stopover. 
My objective in this chapter is to use archived weather surveillance radar 
data to comprehensively quantify stopover habitat use across the northern coast of 
the GOM. I will then examine migrant densities across all radars for a region-wide 
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view of migration along the northern GOM coast and examine relationships between 
bird density during stopover and land cover classes within each radar range. 
~ 
\ Texas 
Louisiana {_ Mississippi 
I 
Gulf or Mexico 
I i I i I I I I 
0 62.5 125 250 km 
Figure 3. Locations of five coastal radars With 80 km radius rings indicating effective 
surveillance area for mapping birds at migratory exodus. 
Methods 
I used two base radar products to determine bird densities: (1) reflectivity, 
which is a measure of returned radio energy from objects in a sampled volume of 
airspace and serves as an index of relative bird density and (2) radial velocity, 
which indicates speed and direction of movement of targets (Diehl et al., 2003; 
Gauthreaux and Belser, 1998). I downloaded archived Level II super resolution 
weather surveillance radar data from the National Climatic Data Center for spring 
migratory periods (15 March through 31 May) of four years (2009-2012) at five 
coastal radar stations (Houston, TX (KHGX), Lake Charles, LA (KLCH), Slidell, 
LA (KLIX), Mobile, AL (KMOB), and Tallahassee, FL (KTLH)). Data are 
collected every five or ten minutes in scans made up of complete rotations of the 
beam among several elevation angles. I utilized data collected at civil twilight from 
the 0.5° elevation beam sweep, the angle closest to the ground and most appropriate 
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for detecting migrating birds during departure from stopover areas (Diehl and 
Larkin, 2005). Each night was screened using Integrated Data Viewer (Murray et 
al., 2003 ), and I eliminated from analysis nights with the presence of precipitation, 
anomalous propagation of the radar beam, other clutter, and/or nights when insect 
activity was dominant (Table 1). To distinguish nights dominated by insects from 
those dominated by birds, I used radial velocity and, when available, information on 
atmospheric condition, including wind speed and wind direction, collected via 
radiosonde (archived by the University of Wyoming) was used to calculate mean 
target airspeed. All nights with mean target speeds below 5 m/s were eliminated. 
For those radar stations without radiosonde data, radial velocity data were visually 
screened using surface wind measurements archived by the National Climatic Data 
Center, and nights were eliminated if the majority of pulse volumes showed radial 
velocities < 5 rn/s above surface wind speed. Reflectivity data were interpolated to 
standardize for spatial variability in sun elevation and temporal variability in radar 
sweeps as described by Buler and Dawson (20 12) and adjusted for measurement 
bias using software created by the University of Delaware (BIRDS (Bias 
Improvement of Radar Data System ©)). The algorithms and methods of Buler and 
Diehl (2009) and Buler and Dawson (2012), produce an adjusted measure of bird 
densities for comparison across ranges. Reflectivity adjustments were further 
refined using regression on order statistics as described by Buler and Dawson 
(20 12). Adjusted reflectivity was averaged across all years for each sampling 
volume (250 m in length, 0.5° in width) to obtain summary statistics for each 
sample volume across sampling nights. Geometric mean reflectivity values after 
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regression on order statistics were the final measures used for examination of mean 
stopover density. 
I georeferenced radar data using basegrids of each radar sampling area, each 
consisting of polygons with dimensions matching that of each sampling volume. 
All areas with perpetual beam blockage or contamination due to ground clutter or 
topographic interference were eliminated from analysis. Overlay of reflectivity data 
with basegrids allows for examination of landscape characteristics of stopover 
habitats from which birds departed. Reflectivity data were analyzed at two spatial 
scales: regional (across all radars) and local (within each radar range). Regional 
reflectivity was used to examine overall distribution of migrants with longitude 
along the entire GOM coast and to determine mean stopover density at each radar 
station relative to all other coastal stations. Reflectivity data were divided into 1° 
longitude bins from -96°W to -84°W and weighted by sample volume area for 
regional analysis. I calculated the mean distance from the Gulf of Mexico coastline 
of each sample volume and assigned it to the nearest 3 km distance bin. For both 
longitude and distance analyses, reflectivity values were analyzed in two ways: (1) 
across all landcover types and (2) within pulse volumes dominated (>75%) by 
hardwood forest. Reflectivity data were also summarized separately for each of the 
four sampled years to examine annual variability in distribution of migrants across 
the coast. 
I displayed reflectivity in locally-derived quantiles within each radar range to 
map relative distribution of migrants, effectively identifying areas of highest density 
within each surveillance area. I used land cover data from the 2006 USGS National 
Land Cover Database (NLCD) (Fry et aJ., 2011) for assessing habitat relationships 
of migrants at this local scale. 
Table 1 
Number of uncontaminated, bird-dominated sampling nights analyzed for each radar 
station and each year. 
Radar Station 
Year KHGX KLCH KLIX KMOB KTLH 
2009 5 10 11 13 5 
2010 8 11 7 14 8 
2011 22 21 15 14 9 
2012 22 14 6 7 12 
Total 57 56 39 48 34 
Results 
Regional Reflectivity 
Regionally-pooled reflectivity data revealed uneven distribution of migrants 
across the five radars (Figure 4). Variation in reflectivity was evident from west to east 
with highest median reflectivity values at -91 °W along the western edge of the KLIX 
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sampling area (Figure 5). Reflectivity was lowest from -89°W to -87°W near KMOB. 
Reflectivity was high at the eastern-most station (KTLH) to a level similar to that of 
longitude bins in east Texas. A region of exceptionally high reflectivity along the 
northwest perimeter of the KHGX sampling range was consistently evident. Targets 
reflected in this area were likely Mexican free-tailed bats that roost at Waugh Drive 
Bridge near downtown Houston and depart their daytime roost for nocturnal feeding 
flights around the same time period that migrating landbirds depart stopover habitats. To 
eliminate these targets from analysis of regional migrant distributions along the coast and 
focus on birds distributed near the coast, I analyzed reflectivity data only within 30 
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kilometers of the coast. Migrant densities within this 30km coastal band were lower near 
Houston and highest at -84°W near Tallahassee (Figure 6). Longitudinal reflectivity 
summaries showed variation between years (Figure 7). In 2009 and 20 I 0, 
reflectivity was higher on the eastern end of the Gulf coast at -85°W and -84°W in 
2009 and from -91°W eastward in 2010. In 2011 and 2012, on the other hand, 
reflectivity was higher at more western longitudes. Reflectivity overall was highest 
in 2010 and lowest in 2011. When analyzed only within pulse volumes dominated by 
hardwood forest, densities were highest at -91 ow and at -84°W. Migrant densities also 
varied with distance from the coastline (Figure 8). When all data were pooled, 
reflectivity was rather stable across most distance bins, but peaked at 3-5krn inland 
and again at - 55km inland. Beyond 55km, reflectivity gradually declined with 
distance from the coast. Reflectivity within hardwood forests was highest within 
5km of the coast, and migrant densities in coastal areas were more than double that 
of most areas further inland. 
Mean bird density 
Low 
Figure 4. Mean reflectivity across sampling nights after filtering for bird-like targets indicating bird densities across the northern 
GOM coast. White space denotes areas excluded from analysis due to perpetual beam blockage. Colors representing reflectivity 
values are standardized across all stations. 
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Local Reflectivity 
When reflectivity data were displayed according to quantiles within each radar 
sampling area, migrant distributions showed variation with land cover class (Figures 9-
12). At stations east ofthe Mississippi River, a consistent band of high reflectivity was 
apparent along the immediate coast, and patterns of reflectivity became more refined 
further inland. For radars west of the Mississippi River, reflectivity was greatest along 
the inland edge of the wide band of coastal marshes. When radar reflectivity was 
overlaid with NLCD land cover data, high densities at the coast were associated with all 
land cover classes including high intensity urbanization. Farther inland, high reflectivity 
values were often associated with hardwood forest and wooded wetlands, whereas areas 
of pine forests and agricultural lands usually showed lowest migrant densities. 
Discussion 
Migrant distributions at both the regional and local levels show patterns in habitat 
use across the northern Gulf coast, which suggests interaction of many factors dictating 
stopover at each scale. At the regional level, year-to-year variation in migrant 
distributions was evident. While migrant densities were highest in eastern Louisiana, two 
high reflectivity areas were apparent overall: ( 1) throughout Louisiana and (2) in 
northwestern Florida near Tallahassee. Areas in Mississippi and Alabama falling 
between these two high density regions showed lowest migrant densities. No radar 
station exists in south-central Louisiana over the Atchafalaya River basin, but reflectivity 
values on either side of this radar gap suggest that migrant densities may be as high or 
higher than that of the Lake Charles and Slidell radar stations. High densities at western 
longitudes in Louisiana support patterns reported by Barrow et al. (2005) which showed 
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consistent use of coastal forests in west Louisiana. High migrant densities in hardwood 
forests at the immediate coast indicate heavy use of those habitats for initial stopover 
upon arrival, demonstrating the importance of coastal forests for landbird migrant 
populations. These strong associations with forested habitat may indicate that forest 
dwelling birds dominate the biomass of migrating birds and/or that structurally diverse 
forested habitats support more birds during passage. 
Since the early 201h century, it has been suggested that migrants utilize two routes 
across the Gulf of Mexico: (1) heading in a generally straight north/south direction 
between the Mississippi River Delta and the Yucatan peninsula or (2) following a more 
easterly track across the Gulf between the Yucatan and northwest Florida (Cooke, 1905; 
Lowery, 1946). The present study presents large-scale quantitative support for these 
routes, and recent evidence from both visual surveys and light-level geolocator tracks 
reinforce this idea. Geolocator tracks of Red-eyed vireos (Vireo olivaceus) reveal a 
consistent trend in multiple individuals of arrival in central Louisiana after trans-Gulf 
flight in spring followed by departure from northwest Florida for southward trans-Gulf 
flight in fall (Callo et al., 2013). Similary, routes of Purple Martins (Progne subis) 
tracked using geolocators in spring and fall reveal use of both a directly north/south track 
between Louisiana and Central America and a more eastern track through the Florida 
panhandle (Fraser et al., 2013a, Fraser et al., 2013b). Visual surveys of migrants from 
oil platforms situated off the Gulf coast from south Texas to Alabama indicated highest 
migrant traffic over platforms south of Louisiana with birds heading directly north from 
those platforms. Migrants flying over more eastern platforms showed more eastern 
orientation suggesting potential for landfall near northwest Florida (Russell, 2005). It is 
likely that major weather patterns in the Gulf region possibly in combination with 
endogenous/innately programmed routes influence positions of migrants at arrival after 
trans-Gulf flight and result in yearly variability in longitudinal migrant distributions 
(Alerstam et al. , 2003; Buskirk, 1980; Moore, 2000). 
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At the local level, migrant densities showed variation with distance from the coast 
and with land cover type. High migrant densities at the immediate coast regardless of 
land cover type suggest that migrants use all available coastal habitats, and energetic 
constraints they face at arrival may limit their ability to select among habitats of different 
quality (Mehlman et al., 2005; Moore and Kerlinger, 1987; Wang and Moore, 1997,). 
Further inland, habitat associations appear to more closely resemble those expected of 
selective migratory landbirds with highest densities in bottomland hardwood forests and 
large river basins. This finding across the Gulf coast is consistent with those ofBuler and 
Moore (20 11) in which high densities of migrants during springs of 2002 and 2003 at 
KLIX and KMOB were shown in a consistent band along the immediate coast with more 
specific associations with hardwood forests further inland. Even when overall migrant 
densities within a radar range are low relative to other sampling ranges, migrants 
stopping along the immediate coast utilize all land cover classes including high intensity 
development. Apparent differences in habitat specificity between more inland habitats 
and those immediately along the coast may suggest that decisions about habitat use 
immediately along the coast are more influenced by physiological condition and less by 
structural or resource cues linked to habitat quality (Buler et al., 2007). 
Identification of patterns of stopover habitat use at multiple scales allows for 
further inquiry to the underlying processes that create those patterns. As part of 
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continued collaboration with USGS personnel at the National Wetlands Research Center 
in Lafayette, Louisiana, statistical analyses of relationships between reflectivity and 
explanatory landscape variables will be performed to further our understanding of 
primary factors driving observed migrant distributions along the northern coast of the 
Gulf of Mexico. Regional reflectivity data may also be related to archived data on major 
weather patterns before, during, and after Gulf crossing to determine significance of such 
large-scale extrinsic factors to migrant distributions and to further understand yearly 
variation in longitudinal densities. Further, multiple ground-based datasets from bird 
banding and surveys of migrant densities in coastal stopover habitat patches (see Chapter 
III) may be used to reinforce distributions observed using weather surveillance radar and 
may reveal finer scale information regarding stopover duration, energetic condition, and 
refueling performance of individual birds. 
While spatial variation in migrant distributions across this landscape is evident, 
weather surveillance radar reveals that migrating birds frequently stopover in coastal 
habitats. In light of rapid development of coastal landscapes across the U.S. (Abdollahi 
et al., 2005), conservation strategies that include awareness and maintenance of coastal 
forests may be critical for declining landbird migrant populations. Given the immense 
sampling capability of our weather surveillance radar network across space and time, 
landscape-level views of migrant distributions as presented in this chapter may be ideal 
tools for informing management decisions, monitoring habitat use, and expanding our 
understanding of stopover ecology and the role of migration in Nearctic-Neotropical 
migrant population limitation. 
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Figure 9. Land cover data (top) and mean reflectivity (bottom) displayed in quantiles 
within each radar range) across all sampling nights. White space in reflectivity images 
denotes areas eliminated from analysis due to perpetual beam blockage. Radars are 
located at (from left to right) Houston, TX and Lake Charles, LA. 
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Mean bird density 
Low High 
Figure 10. Land cover data (top) and mean reflectivity (bottom) displayed in quantiles 
within each radar range) across all sampling nights. White space in reflectivity images 
denotes areas eliminated from analysis due to perpetual beam blockage. Radars are 
located at (from left to right) New Orleans, LA and Mobile, AL. 
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Figure .Jl. Land cover data (top) and mean reflectivity (bottom) displayed in quantiles 
within each radar range) across all sampling nights. White space in reflectivity images 
denotes areas eliminated from analysis due to perpetual beam blockage. Radar is 
located at Tallahassee, FL. 
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Figure 12. Land cover classes shown in all preceding 2006 NLCD land cover maps. 
26 
27 
CHAPTER III 
STOPOVER ECOLOGY OF NEARCTIC-NEOTROPICAL LANDBIRD MIGRANTS 
WITHIN AN URBAN COASTAL LANDSCAPE 
Introduction 
Habitat urbanization, fragmentation, and isolation negatively impact 
ecological communities across taxa (Marzluff et al., 2001; McKinney, 2002). 
Human land use changes are responsible for massive ecosystem transformations, 
and it has been suggested that the degree of human-induced alteration of worldwide 
biological processes is sufficient to justify a new classification of geologic time 
known as the " Anthropocene" (Ellis, 2011 ). Current and future projections of 
habitat change and urbanization effects show continued degradation with significant 
implications for conservation (Fahrig and Merriam, 1994; Mcdonald et al., 2008). 
Migratory birds may be particularly vulnerable to large scale land change as they 
rely on many habitats over wide geographic ranges to accommodate their variable 
year round breeding, wintering, and stopover habitat needs (Greenberg and Marra, 
2005 ; Moore, 2000). In addition, birds in urban environments at any phase of the 
annual cycle are directly exposed to the many mortality risks associated with 
anthropogenic presence including, but not limited to, structural collisions, predation 
by domesticated animals such as cats, and pollution (Erickson et al., 2005). 
Most investigations of population limitation among migratory birds, 
including those addressing effects of habitat fragmentation and urbanization, focus 
primarily on breeding and wintering areas (Moore et al. , 1995; Moore, 2000). 
During non-migratory periods, long distance migrants show negative responses to 
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urbanization in the form of both edge and area effects with forest area being one of 
the most important predictors of bird occurrence and abundance (Askins et al., 
1987; Friesen et al., 1995; Moore and Hooper, 1975; Whitcomb et al., 1981). Most 
species exhibit tendencies to avoid using small habitat patches and establishing 
territories near edges of forested areas (Freemark et al. , 1993; Keyser et al., 1998; 
Lee et al., 2002; Lindell et al., 2007; Parker et al. , 2005). For most forest-dwelling 
birds, likelihood of occurrence increases as patch area increases and is usually 
positively correlated with distance from edge of forested area. Edge effects may be 
particularly severe in a heavily urbanized landscape when potentially useable 
habitat may be directly bordered by harsh matrix characterized by impervious 
surfaces and large expanses devoid of resources (Keyser, 2002). For example, 
effects on birds of residential development surrounding remnant forested patches 
include decreases in both diversity and abundance with increasing adjacent 
development and, specifically, with number of houses near remnant patches of 
various sizes (Friesen et al. , 1995; Germaine et al. , 1998; Miller et al. , 2003). 
Studies during migration highlight the importance of landscape context for 
habitat use by birds in spring, showing that use urban forests as stopover sites and 
that migrant densities are correlated positively with amount of surrounding forested 
cover and negatively correlated with surrounding building area (Ktitorov et al. , 
2008; Pennington et al. , 2008). However, large gaps remain in our understanding of 
effects of habitat fragmentation on en route individuals. While weather surveillance 
radar reveals that urbanized areas are used by migrants during stopover (Buler and 
Moore, 2011; and see Chapter II), complimentary ground-based examination of 
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individuals within stopover habitat patches embedded in urban areas is critical to 
understanding performance of migrants during stopover in that environment. The 
urban landscape within the Mobile, AL (KMOB) radar surveillance area provides an 
ideal setting for study of en route migrants stopping in a heavily developed coastal 
area immediately following trans-Gulf flight when migrants may be energetically 
compromised. 
Migrants often arrive along the Gulf coast in waves with large numbers of 
birds distributed among limited coastal habitats (Moore and Kerlinger, 1987). 
Therefore, smaller, isolated woodlots may concentrate migrants into higher densities 
than in larger patches (see Diehl, 2003). Investigation of differences in resources 
potentially available to migrants across stopover sites is integral to understanding migrant 
behavior, including refueling performance. As most landbird migrants are omnivorous 
during passage, characterization of the arthropod communities within stopover sites 
provides an estimate of prey available to migrants. Evidence suggests that urbanization 
may negatively impact arthropod diversity and abundance, and studies show positive 
correlations between arthropod abundance and forested patch size (Burke and Nol, 1998; 
Denys and Schmidt, 1998; Gibb and Hochuli, 2002). Thus, determination of both 
migrant and arthropod densities within fragmented stopover habitats is necessary for 
insight to migrant distributions and refueling success with implications for quality 
of each patch during stopover. 
En route migrants must utilize and maintain energy stores efficiently to 
maximize speed of migration and achieve an optimal travel scheme (Alerstam and 
Hedenstrom, 1998). Therefore, fuel deposition rates may be considered a currency 
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of success during migration, particularly following trans-Gulf flight when migrants 
must replenish depleted energy stores. Blood plasma metabolite levels are highly 
correlated with changes in body mass, and measurement of circulating metabolite 
concentrations (particularly triglycerides) is an effective method for assessing site-
specific refueling performance by capturing birds once (Acevedo-Seaman et al. , 
2006; Guglielmo et al., 2002; Guglielmo et al., 2005; Schaub and Jenni, 2001). 
Plasma triglyceride concentrations are associated with feeding and fat deposition; 
therefore, measuring triglyceride levels provides an opportunity to look at refueling 
performances at sites of different size within an urbanized landscape. 
Two recent studies show that birds in more advanced stages of their spring 
migratory journeys (i.e., at stopping sites farther north and often closer to breeding 
grounds) refuel in heavily urbanized stopover environments (Seewagen and Slayton, 
2008; Seewagen et al. , 2011). However, it may be erroneous to assume that these 
findings apply at stopover sites adjacent to ecological barriers where energetic 
reserves upon arrival are often depleted. During stopover on the northern coast of 
the Gulf of Mexico, distribution patterns suggest that migratory birds select 
hardwood forest (Buler et al. , 2007), and rates of mass gain show positive 
correlations with amount of forested cover in the landscape (Ktitorov et al. , 2008; 
Rodewald and Brittingham, 2007). Whereas evidence suggests that larger forested 
patches provide more suitable habitat than smaller isolated patches for most long 
distance migrants, en route migrant-habitat associations within highly fragmented, 
urbanized landscapes are poorly understood, particularly during initial stopover 
when birds are energetically constrained and opportunity for habitat selection is 
limited (Moore et al., 1995). The objective of my research in this chapter was to 
investigate the behavioral and physiological responses of migrating birds stopping 
over in human-dominated landscapes along the Mississippi coast during the most 
energetically constrained time of the annual cycle. 
Methods 
Study Area 
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I established replicated pairs of forested study sites that differ in size along 
the same latitude within a highly developed region of the Mississippi coast. Two 
similarly sized, large tracts of forest are paired with two small isolated forested 
patches embedded within residential settings (Figure 13). Two larger sites include 
the Davis Bayou Area (DA V) of the Gul f Islands National Seashore near the city of 
Ocean Springs (N 30° 23' 31.1706", W 88° 47' 27.495 ") and Shepard State Park 
(SHE) near the city of Gautier (N 30° 22' 31.3 17", W 88° 37' 57.1224"). Small sites 
include a woodlot of approximately one acre in size at Hellmers Lane (HEL) in 
Ocean Springs, Mississippi, (N 30° 24' 26.463", W 88° 49' 27.9834") with access 
provided by the Land Trust for the Mississippi Coastal Plain and an approximately 
one acre woodlot known as "Don' s Woods" (DON) at Buena Vista Street in 
Pascagoula, Mississippi, (N 30° 20' 51.486", W 88° 33' 4.3122") with access 
provided by private landowners. On the western side of the study region, the large 
site, DAV, is paired with the small woodlot HEL (Figure 14), and the remaining two 
sites, SHE and DON, are paired - 17 km to the east (Figure 15). 
I characterized vegetative structure within each patch by sampling horizontal 
cover, community composition, canopy density, and ground cover using James and 
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Shugart (1970) circular plots, a horizontal cover board (Nudds, 1977), and 
Daubenmire quadrats (Daubenmnire, 1959). Abundant tree species at all sites 
included water oak (Quercus nigra), live oak (Quercus virginiana), loblolly pine 
(Pinus taeda), slash pine (Pinus elliottii), sweetgum (Liquidambar styraciflua), 
southern magnolia (Magnolia grandiflora), sweetbay magnolia (Magnolia 
virginiana), and Chinese tallow (Sapium sebifera) . Dominant shrub and ground 
species included gallbery (flex glabra), yaupon (flex vomitoria), Japanese climbing 
fern (Lygodiumjaponicum), trumpet creeper (Campsis radicans) , Rhubus spp., 
Muscadine vine (Vilis rotundifolia) , and common greenbrier (Smilax rotundifolia). 
Average overstory density was >85% at all sites (Table 2). Average maximum 
canopy height was slightly lower at the two small sites, while average shrub layer 
height was consistent across all sites. Average horizontal cover was slightly lower 
at the two eastern-most study sites. Average percent of ground covered in leaf litter 
was 2:75% at all sites except DON where ground cover was frequently grass. 
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Figure 13. Study area with land cover classifications as established by the United State Geological Survey National Land Cover 
Dataset. 
Figure 14. Western pair of study sites including Hellmers Lane and Davis Bayou, Ocean Springs, Mississippi. 
Figure 15. Eastern pair of study sites including Shepard State Park, Gautier, Mississippi and Don's Woods, Pascagoula, Mississippi. 
36 
Table 2 
Measurements of vegetation including canopy height/density, tree size (diameter at 
breast height), shrub layer height; and horizontal cover (means ± SE). 
Site Mean Mean shrub Mean percent Mean tree Mean percent 
canopy layer height (m) canopy closure dbh (em) horizontal 
hei~ht (ft) cover 
HEL 62.3 ± 5.78 2.67 ± 0.44 86.21 ± 1.46 20.17 ± 72.72 
2.29 
DAV 82 ± 8.08 2.58 ± 0.30 90.50 ± 1.18 17.28 ± 87.98 
1.43 
DON 59.3 ± 0.67 2.33 ± 0.33 88.76 ± 1.59 18.28 ± 67.2 
1.54 
SHE 78±4.16 2.83 ± 0.44 91.23 ± 0.63 22.92 ± 63.78 
1.15 
Landscape composition and configuration 
I used land cover data to quantitatively measure landscape composition and 
configuration of the four study sites and to examine spatial and structural differences that 
may contribute to extrinsic value of stopover locations to migrants. A 1 kilometer area 
surrounding each of the four study sites was designated using ArcMap™ 10.1 (ESRI 
2011). For information on land cover categories across the study area, I used the 2006 
National Land Cover Database which is a 16-class land cover scheme provided by the 
United States Geological Survey in raster format at a 30 meter resolution (Fry 2011). I 
clipped this base raster to each of the study site buffers to limit the landscape analysis to 
those four sites, and converted the four raster files to a format compatible with the 
program FRAGST ATS 4.1 (McGarigal et al. , 2002). An 8-neighbor rule was used during 
FRAGSTA TS analysis to provide a more detailed examination of landscape 
configuration. Whereas edge habitat is typically characterized 100 meters into a forested 
patch for breeding migrants, evidence suggests that migrants during stopover use habitats 
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farther from the patch interior for foraging (Rodewald, 2001; Rodewald and Brittingham, 
2004). Therefore, a fixed edge depth of 30m was used for all patches. Six class-level 
metrics were selected based on ecological significance to Neotropical migratory birds and 
to avoid redundancy between metrics (Flather and Sauer, 1996). Units and descriptions 
of each metric are shown in Table 3, and descriptions of each land cover class are shown 
in Appendix A. For this analysis, land cover types in the four subdivisions representing 
varying development intensity were lumped into one "developed" cover class, and those 
classes representing different forest types were lumped into one "forest" cover class. 
Table 3 
Metrics analyzed for characterization of landscape composition and configuration at 
each site. 
Metric 
Percentage of Landscape 
Area-weighted Mean 
Radius of Gyration 
Unit 
Percent 
Meters 
Area-weighted Mean Core Hectares 
Area 
Area-weighted Mean 
Euclidean Nearest-
Neighbor Distance 
Patch Cohesion Index 
Percentage of Like 
Adjacencies 
Meters 
None 
Percent 
Description 
Measures proportion of landscape occupied by 
patches of given class type 
Measures extent of patches of given class type; 
expresses landscape continuity or average 
traversability within given class type 
Expresses area of the landscape occupied by 
core areas (with edge distance of 30m) of 
given class type; quantifies amount of patch 
interior of each class type 
Quantifies patch isolation; measures average 
distance of patches of given class type to other 
patches of that type 
Measures physical connectedness of class type 
across the landscape 
Calculates class type aggregation or contagion; 
may be considered as an index of class type 
fragmentation 
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Resource quantification 
Arthropods were sampled across the spatiotemporal extent of migration at 
each study site as a measure of food abundance. Arthropod sampling was conducted 
via branch clippings (Cooper and Whitmore, 1990) once per week for seven weeks. 
One 8-12" branch was clipped from plants of two species (!lex vomitoria and 
Quercus spp. -chosen for their ubiquity across all sites) at six points within each 
site. One branch was clipped from each species at each sampling point for a total of 
12 branches per site per sampling period. Branches were clipped into a clear plastic 
zipping bag, and household insecticide (Raid® brand) was sprayed inside the bag 
after clipping and prior to sealing. Insecticide was applied inside the bag using one 
depression of the nozzle, and the bag was sealed immediately. Sealed sample bags 
were carried away from the study site where they were opened, and immobilized 
arthropods were identified to order. Length of each detected arthropod was 
measured to the nearest millimeter. Vegetative material from each clipping was 
weighed using an electronic scale. Using the length-weight regression equation 
described by Rogers et al. (1976) for North American arthropods, arthropod length 
was used to determine arthropod biomass in each branch sample, and density of 
arthropods in each clipping was calculated as biomass (mg) per gram of clipped 
vegetation. A zero-altered negative binomial model with logit link (hurdle function 
of R package pscl) was used to test for effect of sampling week, habitat patch size, 
and year on arthropod densities (Zurr et al., 2009). A significance level of p<0.05 
was used for all statistical tests. 
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Leaf litter surveys were also conducted once per week for seven weeks at 
three locations at each study site. The observer knelt in front of a 0.25m2 quadrat 
placed over leaf litter and counted all arthropods observed within the quadrat 
boundaries for 3 minutes. A clear hand ruler was used to estimate length of each 
detected arthropod. Arthropod lengths were used in a length-weight regression 
equation (see above) to determine total arthropod biomass detected during each 
sampling period. Arthropod densities were log transformed to meet the assumptions 
of normality, and analysis of variance (ANOVA) was conducted to analyze 
differences in leaf litter arthropod communities across the study area with factors 
including study site and date of sample. Tukey's HSD test was performed to 
analyze post-hoc differences across sites. 
Migrant densities 
Transect surveys were conducted at all sites throughout migration to 
determine migrant densities. Transect surveys are an efficient and effective method 
for quickly determining relative differences in bird populations across sites with 
potential for high replication of each census (Conner and Dickson, 1980). At each 
smaller site, transect lines equaling a total of 300m were established, while at each 
larger site, 500 m of transect line were established. Surveys were conducted every 
day from mid-March to mid-May (with the exception of severe weather days) in the 
morning and afternoon with morning surveys beginning 15 minutes after sunrise and 
ending no later than 1000 and afternoon surveys beginning after 1500 and 
concluding before sunset. During the 2011 season, one observer conducted all 
surveys so that each site was surveyed twice per day every other day. During the 
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2012 season, two surveyors conducted surveys so that every site was surveyed twice 
per day every day. Survey lines were flagged in 25 m increments, and the surveyor 
maintained a constant pace along the transect line of 1 km/h. All birds encountered 
by sight and/or sound within 25 m of each side of the transect line were recorded. 
Data recorded for each detected individual included: lateral distance from transect 
line in 5 m increments, distance along transect line in 25 m increments, and method 
of detection (sight or sound). First territorial/nesting dates for species known to 
breed in southern Mississippi were identified from Birds of North America (BNA) 
species accounts (Poole, 2005), and any individuals of those species detected after 
said date were eliminated from analysis to ensure that tested birds were migratory 
individuals. Detection probabilities for spring migrants within 25m of a transect 
line in Mississippi forests have been shown to equal 1.0; therefore, adjustments of 
migrants densities due to variation in detection probability were not necessary 
(Buler et al., 2007). A zero-altered poisson model with logit link (hurdle function 
of R package pscl) was used in statistical analysis (Zuur et al., 2009). 
Strip transects with distance sampling are typically considered an effective 
and efficient method for accurately estimating bird densities; however, the method 
relies on assumptions that all individuals along the line are detected and that bird 
behavior is not influenced by observers (Thompson, 2002). Despite efforts to 
minimize violation of these assumptions, it has been suggested that 100% detection 
is rare (Hutto and Mosconi, 1981 ). Therefore, it should be noted that, although 
spring migrant detection probability was found to be 1.0 at sites further inland in 
Mississippi (Buler et al. , 2007), detection probabilities may differ in coastal habitats 
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and between species in coastal habitats. In this study, surveyors maintained 
constant pacing with minimal disturbance to habitat patches; nonetheless, birds may 
have responded to observers by demonstrating avoidance behavior resulting in lack 
of detection or repeated detection of individuals during transect surveys. Survey 
results were standardized across sites of varying sizes by analyzing densities of 
migrants in terms of number of birds per hectare, and survey areas were 
representative of the overall study sites. Still, a larger proportion of the habitat 
patch was surveyed at small sites, and this must be considered when drawing 
conclusions from density estimates and comparing estimates across study sites of 
varying sizes (Watson, 2003). 
Predator to prey ratio 
Ratios of bird to arthropod density provide a measure of relative competitive 
pressure which may influence refueling potential for migrants during stopover. 
Using arthropod densities measured via branch clippings and migrant densities 
measured via transect surveys, I calculated relative predator to prey ratio when 
migrants were present. I eliminated any surveys with zero migrants from this 
analysis. I utilized only surveys from days when arthropod branch clippings were 
taken and one day before and after that clipping date so that prey values were 
temporally close to predator values. I divided number of migrants per hectare 
during each survey by total arthropod mass (mg) per gram of clipped vegetation for 
that sampling date to obtain a relative predator to prey ratio when migrants were 
present for each survey. Because these ratios were not normally distributed, I 
performed a Wilcoxon test to analyze differences in ratios at small and large sites. 
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Fuel deposition 
Birds from multiple foraging guilds were captured using four-shelf nylon 
mist nets of either 12 or 6 meters in length and 2.6 meters in height to obtain blood 
samples for metabolite profiling. 10 - 12 mist nets were run daily from mid-March 
through mid-May of 2011 at Hellmer's Lane, Shepard State Park, and Don's Woods 
and of 2012 at these three sites with the addition of Davis Bayou. Nets were 
operated from sunrise until approximately 5 hours after sunrise. Upon capture, 
standard morphometric measurements were taken, and amounts of muscle and 
subcutaneous fat were scored for each bird. Fat storage was scored by visually 
assessing subcutaneous fats and scoring fat levels along a 0-5 numeric scale (Helms 
and Drury 1960). Birds were banded with a U.S. Fish & Wildlife Service aluminum 
leg band and released after blood sampling. First territorial/nesting dates for species 
known to breed in southern Mississippi were identified from BNA accounts (Poole 
2005), and any individuals of those species captured after said date were eliminated 
from analysis to ensure that tested birds were migratory individuals. Cycling 
metabolites are known to deteriorate and lose potential to reflect a particular feeding 
event within 20 minutes (Guglielmo et al. , 2005; Zajac et al., 2006). Therefore, 
time between net checks was no more than 15 minutes to increase likelihood of 
detecting metabolite profiles associated with recent foraging activity within each 
site. Blood was taken from each migrant via br~chial vein by puncturing with a 26 
gauge needle. Blood was kept cool in capillary tubes until return to processing 
facilities on the afternoon of the capture day. Plasma was separated from red blood 
cells using a microhematocrit centrifuge rotor spun at 12,000 rpm for approximately 
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10 minutes. Plasma was extracted from capillary tubes using a Hamilton syringe 
and relocated to a microcentrifuge tube in which it was frozen at -80°C until 
analysis using endpoint assay kits (as described in Gugliemo, 2002 and Guglielmo, 
2005). Free glycerol was subtracted from triglyceride values to determine true 
circulating triglyceride levels. Final triglyceride values were log transformed to 
meet the assumptions of normality. Analysis of variance was conducted to 
determine differences in triglyceride levels with capture site, year, and condition as 
factors. Effect of habitat patch size on triglyceride levels was also analyzed after 
separating species into foraging groups (listed in Appendix C). Conclusions from 
metabolite profiling should be drawn with caution due to low sample sizes and 
grouping of multiple species for final analysis. Ideally, triglyceride analyses would 
involve higher sample sizes from a representative focal species at all sites, but 
logistical constraints prevented such circumstances in my study. 
Principal component analysis was conducted using size-corrected mass 
(mass divided by wing chord), fat score, and muscle score to obtain a summarized 
condition score to examine effect of body condition on variation in triglyceride 
levels. The first PCA axis (the only axis with an eigenvalue greater than 1) 
explained over 40% of the total variation; therefore, this principal component score 
for each individual was used in all further triglyceride analyses (Table 4). 
Additionally, analysis of variance was conducted to examine differences in this 
condition index across sites. 
Table 4 
Results of principal component analysis for body condition using size-corrected 
mass, fat score, and muscle score as variables. 
Eigenvalue 
Proportion of variance explained 
Cumulative proportion 
Corrected mass 
Fat score 
Muscle score 
Load in 
Results 
Landscape composition and configuration 
PCl 
1.2181 
0.4061 
0.4061 
0.7813 
1.8765 
1.7238 
PC2 
0.9964 
0.3321 
0.7382 
2.21015 
-0.03731 
-0.96117 
PC3 
0.7854 
0.2618 
1.000 
-0.5794 
1.5193 
-1.3913 
Land cover classes that dominated all four study areas included developed 
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(open space and low, medium, and high intensity), forested (evergreen, deciduous, 
mixed, and woody wetland), and emergent herbaceous wetland. Other land cover 
classes present, but occupying small percentages of the landscape at all sites, 
included barren land, shrub/scrub, grassland/herbaceous, and pasture/hay. These 
classes were excluded from presentation of results to facilitate easier interpretation 
of most relevant land cover classes. High intensity development was present at all 
study sites except DA V. Higher proportions of the landscape were occupied by 
developed land cover classes at the two smaller sites than at the two larger sites 
(Figure 16). Between the two smaller study sites, the landscape at HEL was made 
up of a higher percentage of forested land cover classes than DON. Between the 
two larger study sites, SHE had a higher percentage of developed land cover classes, 
while DA V had higher percentages of both forested land cover classes and emergent 
herbaceous wetland. Among all study sites, DA V had the highest proportion of 
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emergent herbaceous wetland. At all sites, area-weighted mean radius of gyration 
of developed classes was higher than that of forested land cover classes, indicating 
that developed classes were more extensive than forest across all four landscapes 
(Figure 17). Area-weighted mean core area was lowest for forested land cover 
classes and highest for developed land cover classes at all sites indicating that most 
forested area at all sites was edge habitat (Figure 18). Cohesion of forested patches 
was higher at large sites than at small sites but was lower than that of developed 
patches at all sites (Figure 19). Percentage of like adjacencies was higher in 
developed classes than forested classes at all sites (Figure 20). Area-weighted mean 
Euclidean nearest neighbor distance was lowest between patches of developed land 
cover classes and was highest for forested classes at both small sites (Figure 21). 
Patch cohesion index, percentage of like adjacencies, and area-weighted mean 
Euclidean nearest neighbor distance indicate that developed classes were more 
aggregated across the landscape at all sites and that forested patches were less 
physically connected. 
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Figure 16. Proportion of 1km landscape surrounding each study site occupied by 
three major land cover classes. 
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Figure 17. Area-weighted mean radius of gyration (m) of patches in each land cover 
class at each site. Solid bars represent large sites; patterned bars represent small 
sites. Error bars represent standard deviation. 
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Figure 18. Area-weighted mean core area (ha) when edge depth = 30m of all 
patches in each land cover class at each site. Solid bars represent large sites. 
Patterned bars represent small sites. Error bars represent standard deviation. 
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Figure 19. Patch cohesion index of patches of each land cover class at each site. 
Solid bars represent large sites. Patterned bars represent small sites. 
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Figure 20. Percentage of like adjacencies of patches of each land cover class at each 
site. Solid bars represent large sites. Patterned bars represent small sites. 
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Figure 21. Area-weighted mean Eucl idean nearest neighbor distance (m) for all 
patches of each land cover class at each site. Solid bars represent large sites. 
Patterned bars represent small sites. 
Resource abundance 
Sampling with two methods throughout migration provided insight to the 
arthropod communities within these habitat patches and characterized habitat 
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quality by way of potential food abundance for en route migrants at each site. More 
samples with zero arthropods were found at large sites, and while there was no 
significant effect ofhabitat patch size (x2 = 1.95, df = 1, p = 0.1626), variation in 
arthropod density was evident across sites. When arthropods were detected, 
arthropod biomass was highest at the eastern large site, Shepard State Park, and 
lowest at the western large site, Davis Bayou (Figure 22). Variation in arthropod 
densities measured from branch clippings showed a significant effect of sampling 
week Ci = 15.2, df = 6, p = o.o 19), but no significant effect of sampling year Cx2 = 
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0.169, df = 1, p = 0.681). While there appeared to be a spike in arthropod biomass 
during the third sampling week at two sites (HEL and SHE), arthropod abundances 
detected from branch clippings generally fluctuated temporally (Figure 23). 
Arthropod Orders/Classes found in clippings are listed in Appendix B. 
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Figure 22. Arthropod biomass (mg) per gram of vegetation in branch clippings at each 
study site. Sample sizes on each bar represent total number of branch clippings from 
both sampling years at each site. Error bars represent standard error. 
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Figure 23. Mean arthropod biomass (mg) per gram of vegetation in branch clippings 
from each sampling week. Dashed lines represent small sites, while solid lines represent 
large sites. Bars represent standard error. 
Results of ANOV A for differences in leaf litter arthropod densities showed a 
significant effect of both date (F = 27.67, df = 7, p < 0.0001) and habitat patch size 
(F = 4.6782, df = 3, p = 0.004 7). Average arthropod biomass differed significantly 
between the two large sites and between the large and small sites within the eastern 
end of the study area (Figure 24). Like arthropod abundances detected in branch 
clippings, leaf litter arthropod biomass fluctuated temporally; however, at all sites, 
there were general positive correlations between arthropod biomass and time of 
season (Figure 25). Arthropod Orders identified in surveys are listen in Appendix 
B. 
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Site / Size 
Figure 24. Mean arthropod biomass (mg) per leaflitter survey period at each site. Error 
bars were constructed using one standard error from the mean. 
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Figure 25. Mean leaf litter arthropod biomass (mg) per survey period in each sampling 
week. Solid lines represent large sites while dashed lines represent small sites. Bars 
represent standard error. 
Migrant densities 
More birds were detected per hectare at small sites in both site pairs. Tests 
for differences in migrant densities showed a highly significant effect of time of day 
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of survey (morning vs. afternoon; x2 = 15.275, df = 1, p < 0.0001), and a marginally 
significant effect of habitat patch size (x2 = 3.644, df = 1, p = 0.056). There was no 
effect of year on migrant densities (x2 = 0.2775, df = 1, p = 0.598). When migrants 
were detected, more birds were detected at smaller sites. At all sites, fewer birds 
were detected during morning surveys than during afternoon surveys (Figure 26). 
Surveys with zero migrant detections occurred more frequently in the morning and 
at small sites. During both years, there were multiple afternoons in which 
considerably more migrants were present than other days across the season. In these 
cases, more birds were present during afternoon surveys than on previous morning 
surveys in 2011 and on previous and subsequent morning surveys in 2012 (Table 5). 
These incidents suggest arrivals of waves of migrants in the afternoon with 
departure of those before the following morning's survey indicating potential 
transience of most migrants through coastal habitats. 
To examine transience of migrants through coastal stopover habitats, 2012 
survey results when migrants were present in the afternoon were used to calculate 
di fference in number of migrants detected on one afternoon survey from the 
fo llowing morning survey. This value was made relative across survey days by 
dividing that difference by the afternoon value from each pair of surveys. A relative 
value greater than zero would indicate that more birds were detected in the 
afternoon, a negative value would indicate that more birds were detected on 
morning surveys, and a zero value would indicate that equal numbers of migrants 
were present on both morning and afternoon surveys. Relative differences did not 
meet assumptions of normality; therefore, Wilcoxon signed rank tests were 
Table 5 
Migrants per hectare on afternoons with high densities relative to surrounding 
morning surveys and relative to other days throughout the season. 
Site Date Time ofDay Migrants per hectare 
DON 03/31/2011 AM 1.3 
03/31/2011 PM 5.3 
HEL 04/2112011 AM 0 
04/21 /2011 PM 5.3 
DON 04/28/2011 AM 1.3 
04/28/2011 PM 5.3 
DON 04/26/2012 AM 0 
04/26/2012 PM 6.7 
04/27/2012 AM 0 
HEL 04/26/2012 AM 0 
04/26/2012 PM 4 
04/27/2012 AM 0.7 
SHE 04/26/2012 AM 0 
04/26/2012 PM 5.2 
04/27/2012 AM 0.8 
DAV 04/27/2012 AM 0 
04/27/2012 PM 3.6 
04/28/2012 AM 0 
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Figure 26. Mean number of migrants per hectare on transect surveys. Error bars 
represent standard error. 
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performed to test that relative differences in number of migrants from afternoons to 
the following mornings were greater than zero. Average relative differences were 
significantly greater than zero at small sites (W=137.5, df=36, p=O.OOll) and 
marginally significant at large sites (W=68.0, df=32, p=0.0671) indicating that fewer 
birds were detected on morning surveys than surveys the previous afternoon (Figure 
27). 
n=33 n=37 
01 
Figure 27. Mean relative difference in number of migrants ((PM-AM)/PM). Error 
bars represent standard error. 
Predator to prey ratio 
Calculation of predator to prey ratio provided a general measure of arthropod 
biomass present when migrants were present during surveys. Relative predator to 
prey ratio for each survey when migrants were present (number of migrants per 
hectare/total arthropod biomass (mg) per gram of vegetation on survey day) was 
higher at small sites than at large sites (Figure 28). Wilcoxon tests showed no 
significant difference in ratios between the two small sites (x2=0.4603, df= 1, 
p=0.4975) or the two large sites (x2=1.0426, df= l , p=0.3072). When grouped, 
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differences in ratios between the two large and two small sites were not significant 
(x2=2.2280, df=1, p=0.1355). 
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Figure 28. Mean relative predator to prey ratios (number of migrants per 
hectare/total arthropod biomass (mg) per gram of vegetation for given survey day) 
when migrants were present at large and small sites. Error bars were constructed 
using 1 standard error from the mean. 
Fuel deposition 
101 individuals of 24 species were sampled for triglyceride analysis in total. 
Migrants of every fat score class were captured at both large and small sites (Figure 
29). Most birds had fat scores above 0 indicating arrival with fuel reserves. There 
were significant differences in condition index among sites in 2011 (F = 4.3012, df 
= 2, p = 0.0175) but not in 2012 (F=0.4882, df=3, p=0.6933) (Figure 30). In 2011 , 
condition index at DON was significantly lower than that at HEL, but condition 
indices at neither DON nor HEL were significantly different form that at SHE. In 
both 2011 and 2012, mean condition indices were lowest for birds captured at DON. 
That said, condition indices did not differ significantly between the two large sites 
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or between the large sites and either of the small sites. For migrants sampled in 
2011 , triglyceride values were highest for birds sampled at HEL (small western site) 
and lowest for birds sampled at DON (small eastern site) (Figure 31). There were 
no significant effects of condition (F = 0.10 18, df = 1, p = 0.7508) or capture time 
(F = 2.1621 , df = 1, p = 0.1469) on circulating triglyceride levels, and there were no 
significant differences across study sites (F = 1.1816, df= 2, p = 0.3141). For 
migrants sampled in 2012, highest triglyceride values were detected at Shepard 
State Park (large eastern site), while lowest triglyceride values were detected at 
Davis Bayou (large western site). There were, again, no significant effects of 
condition (F = 0.0934, df = 1, p = 0.7641) or capture time (F = 3.9340, df = 1, p = 
0.0659). Unlike 2011, there were, however, significant differences across study 
sites (F = 4.8892, df = 3, p = 0.0145). Tukey's HSD post-hoc tests revealed 
significant differences between the large and small sites within the western side of 
the study area with higher triglyceride levels at the smaller site. The two eastern 
sites did not differ from one another or from either of the sites on the western side 
of the study area. For study sites with triglyceride data from both sampling years 
(SHE and DON), triglyceride values were lower at small sites in both years. 
Predator to prey ratios within this site pair showed the opposite relationship in that 
ratios were higher at small sites in both years (Figure 32). Hours of mistnetting 
effort and sample sizes per species, site, and year are shown in Appendix C. 
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Figure 29. Fat scores of migrants (proportion of individuals in each fat class) 
captured in 2011 and 2012 at large and small sites. 
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Figure 30. Average condition index of birds captured at each site during 20 11 and 
201 2. Error bars represent standard error. Samples sizes are same as those shown 
in Figure 30. 
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Size/Site 
Figure 31. Triglycerides (mmol/L) of migrants captured in 2011 and 2012. Error 
bars were constructed using one standard ·error from the mean. 
Site 
SmaH(OON) 
• Laroe (SHE) 
Figure 32. Triglycerides (mmol/L) of migrants and predator to prey ratios at 
eastern pair of study sites. Error bars were constructed using one standard error 
from the mean. 
Triglyceride levels of understory and ground foragers were lower at small 
sites, whereas canopy foragers showed higher triglycerides at small sites (Figure 
3 3 ). Analysis of triglyceride levels after separation into foraging group revealed an 
interactive effect of foraging group and patch size (F=4.9873 , df=2, p=0.0087), but 
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no effect of size (F= 1.9650, df= l, p=0.1642) or foraging group (F=0.7163, df=2, 
p=0.4912) alone. Tukey's HSD post-hoc analysis revealed no significant 
differences among groups or patch sizes. However, individual Student's t-tests for 
differences between patch sizes within each foraging group suggested a significant 
difference between sizes in canopy foragers (t=2.096591, df=34, p=0.0435), but no 
significant differences between sizes in understory foragers (t=-7.80873 , df= 16, 
p=0.0893) or ground foragers (t=-1.32893 , df=45, p=O.l906). 
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Figure 33. Triglycerides (mmol/L) of migrants captured in each foraging group. 
Error bars were constructed using one standard error from the mean. 
Discussion 
Migrants stopover in urbanized habitats along the Mississippi Gulf Coast, 
and they do so in both relatively large forested patches and small ( <1 hectare) 
forested fragments. Although migrants have been shown to remain in heavily 
urbanized habitat patches and exhibit exploratory movements (Seewagen et al. , 
n=11 n=1 1 n=4 
201 0), many migrants did not remain in these coastal woodlots for extended periods 
as evidenced by higher migrant densities during afternoon surveys than morning 
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surveys at all sites. Given the constraints imposed by migration schedules and the 
energetic condition of captured migrants, I suspect that the majority of stopping 
migrants in this landscape are transients; that is, birds making a short, immediate 
stop to rest after crossing the Gulf of Mexico with the primary goal of continuing 
northward (Buler and Moore, 2011 ; Chernetsov, 2012). Upon arrival along the 
northern coast of the GOM, migrants often in depleted energetic condition distribute 
themselves across limited habitats in which they have little information about 
habitat quality (Moore and Kerlinger, 1987; Moore et al., 1990). Transient migrants 
likely depart quickly from these habitats after they rest and/or determine that 
surroundings are resource-poor in relation to energetic needs (Beibach, 1985; 
Rappole and Warner, 1976; Sandberg and Moore, 1996). 
Movements of migrants after departing the habitat patches surveyed in this 
study are unknown. Migrants arriving in this unfamiliar landscape may exhibit 
localized movements to familiarize themselves with the area and to sample nearby 
resources, or depending on energetic condition, may depart the urban coastal zone 
entirely in longer distance nocturnal flights for continued migration. Previous work 
suggests that habitat patch-level effects impact movements of en route migrants in 
both urban and non-urban environments, and those movements vary with energetic 
condition upon arrival, time since arrival , and with habitat quality (Cohen et al., 
20 12; Matthews and Rodewald, 201 0). Future investigation of subsequent 
movements to other habitat patches in this heterogeneous landscape using telemetry 
may reveal the effects of finer scale spatial processes on habitat selection after 
migrants have had the opportunity to rest and assess their environment. 
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Additionally, identification of movement patterns of individuals of known energetic 
condition within and away from these habitat patches would shed light on the 
quality of this landscape for migrating birds (Moore and A born, 2000; Simons et al., 
2000). 
More birds were concentrated per unit area at small forested fragments than 
at large patches. Analysis of landscape composition and configuration showed 
differences in area surrounding small patches, including higher overall proportions 
of development, lower extent of forested patches surrounding small sites, and higher 
distances between forested patches surrounding small sites. These nuances in 
landscapes surrounding each of the four study sites may shed light on processes 
responsible for distribution of migrants across available habitat patches at arrival 
along the coast at larger spatial scales. This concentration effect in smaller, more 
isolated patches with fewer resources is consistent with the proximity and 
interception models relating position of migrants over a landscape and orientation 
and size of patches within that landscape to habitat patch use (Diehl, 2003) and with 
non-ideal distributions in the face of limited knowledge of surroundings as 
described by Shochat et al. (2002). The crowding effect may be especially evident 
in coastal settings after migrants have crossed an ecological barrier and arrive with 
limited overall habitat, minimal cues to habitat quality, little energetic flexibility, 
and pressure to arrive quickly to breeding grounds. 
Crowding of migrants into smaller forest fragments may come at a cost. 
Higher bird densities during migration result in increased competition which may 
reduce opportunity for a migrant to replenish depleted energy stores (Moore and 
Yong, 1991; Moore et al., 2003). Measurement offood resources with direct 
relation to number of migrants present in stopover habitats provides insight to 
relative competition may influence stopover duration, successful refueling, and 
subsequent movements of migrants within or out of a habitat patch (Greenberg, 
1986; Moore and Yong, 1991). In this study, predator to prey ratios suggest that 
differences in competitive pressure may exist across coastal stopover habitats and 
may be higher at smaller habitat patches, supporting the idea of crowding of 
migrants into smaller patches and potentially impacting efficient fuel deposition. 
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Variation in triglyceride levels indicates potential differences in refueling of 
migrants across stopover sites (particulariy in 20 12). Triglyceride values at all sites 
fell within the range of values detected for migrants further north at sites in Canada 
and at heavily urbanized stopover sites in New York City forests, and triglyceride 
values in the New York study were considered adequate for refueling (Guglielmo et 
al., 2005 ; Seewagen et al. , 2011). While there was no consistent trend in 
differences between large and small habitat patches, triglyceride values were lower 
at the large site than the small site within the eastern half of the study area. 
Additionally, the relationship between predator to prey ratio and triglyceride levels 
within the eastern pair of study sites during both sampling years may suggest that 
competitive pressure influences refueling performance of migrants. These findings, 
along with aforementioned conclusions regarding migrant densities and distribution 
across sites, identify variation in migrant refueling performance at forested patches 
within urban coastal settings and may highlight the importance of even the smallest 
isolated woodlots as suitable refueling sites for migrating birds. 
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Arthropod surveys revealed differences in densities of resources for migrants 
across sites and within different foraging guilds, but, as was the case in triglyceride 
analyses, there was no consistent trend indicating that patch size affected resource 
abundance. While there was no difference between large and small habitat patches 
in understory arthropod densities, understory arthropod abundance in the coastal 
habitat patches sampled in this study was less than that found in branch clippings 
from forested habitats further inland along the Pascagoula and Pearl River basins 
during spring migrations of 2003 and 2004 (Buler et al., 2007). Leaf litter 
arthropod abundance, on the other hand, was higher in the present study than at 
inland sites. Differences in arthropod densities between large and small study sites 
and between patches of the same size (most evident from leaf litter surveys at the 
two large patches) suggest that variation in arthropod abundances attributable to 
factors other than forested woodlot size may be expected across this coastal 
landscape. Fluctuations in arthropod densities throughout the course of the season 
detected in both sampling methods may be due to variation in effectiveness of 
sampling with local weather (e.g. , wind) and due to phenological differences 
between taxonomic groups (Booij et al. , 1995). Opportunities for refueling along 
the immediate coast may, therefore, vary with time of arrival, fine-scale arrival 
location, and species-specific foraging habits. 
Migrant-habitat associations during stopover near an ecological barrier are 
complex and less predictable than during wintering or breeding periods. In coastal 
Mississippi, the challenge of explaining this system is further complicated by the 
lack of understanding of migrant behavior and distribution in an urban landscape. 
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Regardless, results of this study reveal that coastal woodlots embedded in heavily 
urbanized settings likely provide valuable opportunities for temporary resting by en 
route migrants after crossing the Gulf of Mexico and before continuing to stopover 
further inland. Moreover, for those migrants that remain to stopover, coastal forests 
may provide refueling opportunities comparable to those provided by sites further 
inland. Coastal habitats may therefore be considered critical primary refueling sites 
due to the emergency energetic situation faced by some migrants at landfall after 
costly flight across the Gulf of Mexico. Strategies for conserving declining 
Nearctic-Neotropical migrant populations should designate coastal woodlots as 
valuable refuges for en route migrants and· should ideally promote preservation of 
remaining forested habitat within widespread urban environments along the 
immediate coast. 
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APPENDIX A 
National Land Cover Database land cover classes with definitions. For all analyses, 
developed classes and forested classes were merged to create one general developed class 
and one general forested class. 
Class Type 
Open Water 
Perennial 
Ice/Snow 
Developed, 
Open Space 
Developed, 
Low Intensity 
Developed, 
Medium 
Intensity 
Developed 
High Intensity 
Barren Land 
(Rock/Sand/ 
Clay) 
Deciduous 
Forest 
Evergreen 
Forest 
Description 
areas of open water, generally with< 25% cover of vegetation or soil 
areas characterized by a perennial cover of ice and/or snow, generally 
> 25% of total cover 
areas with a mixture of some constructed materials, but mostly 
vegetation in the form of lawn grasses. Impervious surfaces account 
for less than 20% of total cover. These areas most commonly include 
large-lot single-family housing units, parks, golf courses, and 
vegetation planted in developed settings for recreation, erosion 
control, or aesthetic purposes. 
areas with a mixture of constructed materials and vegetation. 
Impervious surfaces account for 20% to 49% percent of total cover. 
These areas most commonly include single-family housing units. 
areas with a mixture of constructed materials and vegetation. 
Impervious surfaces account for 50% to 79% of the total cover. 
These areas most commonly include single-family housing units. 
highly developed areas where people reside or work in high numbers. 
Examples include apartment complexes, row houses and 
commercial/industrial. Impervious surfaces account for 80% to 1 00% 
of the total cover. 
areas of bedrock, desert pavement, scarps, talus, slides, volcanic 
material, glacial debris, sand dunes, strip mines, gravel pits and other 
accumulations of earthen material. Generally, vegetation accounts for 
< 15% of total cover. 
areas dominated by trees generally > 5 meters tall , and > 20% of total 
vegetation cover. More than 75% of the tree species shed foliage 
simultaneously in response to seasonal change. 
areas dominated by trees generally > 5 meters tall, and > 20% of 
total vegetation cover. More than 75% of the tree species maintain 
their leaves all year. Canopy is never without green foliage. 
Class Type 
Mixed Forest 
Shrub/Scrub 
Grassland/ 
Herbaceous 
Pasture/Hay 
Cultivated 
Crops 
Woody 
Wetlands 
Emergent 
Herbaceous 
Wetlands 
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Description 
areas dominated by trees generally >5 meters tall, and > 20% of total 
vegetation cover. Neither deciduous nor evergreen species are >75% 
of total tree cover. 
areas dominated by shrubs; less than 5 meters tall with shrub canopy 
typically greater than 20% of total vegetation. This class includes 
true shrubs, young trees in an early successional stage or trees stunted 
from environmental conditions. 
areas dominated by gramanoid or herbaceous vegetation, generally 
greater than 80% of total vegetation. These areas are not subject to 
intensive management such as tilling, but can be utilized for grazing. 
areas of grasses, legumes, or grass-legume mixtures planted for 
livestock grazing or the production of seed or hay crops, typically on a 
perennial cycle. Pasture/hay vegetation accounts for > 20% of total 
vegetation. 
areas used for the production of annual crops, such as com, soybeans, 
vegetables, tobacco, and cotton, and also perennial woody crops such 
as orchards and vineyards. Crop vegetation accounts for >20% of total 
vegetation. This class also includes all land being actively tilled. 
areas where forest/shrubland vegetation accounts for > 20% of 
vegetative cover and soil/substrate is periodically saturated with or 
covered with water. 
areas where perennial herbaceous vegetation accounts for > 80% of 
vegetative cover and soil/substrate is periodically saturated with or 
covered with water. 
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APPENDIXB 
Arthropod Orders identified among 511 branch clippings during 2011 and 2012. 
Order/Class Site Percent of Community 
Arachnida DAV 24 
HEL 21 
SHE 31 
DON 31 
Coleoptera DAV 7 
HEL 14 
SHE 17 
DON 9 
Diptera DAV 22 
HEL 16 
SHE 15 
DON 24 
Ephemeroptera DAV 0 
HEL 4 
SHE 0 
DON 0 
Hemiptera DAV 18 
HEL 17 
SHE 14 
DON 17 
Hymenoptera DAV 5 
HEL 8 
SHE 6 
DON 7 
Isoptera DAV 2 
HEL 3 
SHE 2 
DON 2 
Lepidoptera DAV 12 
HEL 7 
SHE 8 
DON 5 
Neuroptera DAV 3 
HEL 2 
SHE 1 
DON 2 
Orthoptera DAV 1 
HEL 2 
SHE 0 
DON I 
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Order/Class Site Percent of Community 
Plecoptera DAV 0 
HEL 1 
SHE 0 
DON 0 
Siphonaptera DAV 5 
HEL 1 
SHE 4 
DON 2 
Thysanoptera DAV 1 
Arthropod Orders identified among 91leaflitter surveys during 2012. 
Order Site Percent of Community 
Arachnida DAV 5 
HEL 10 
SHE 11 
DON 8 
Coleoptera DAV 2 
HEL 2 
SHE 3 
DON 2 
Dictyoptera DAV 0 
HEL 1 
SHE 0 
DON 3 
Diptera DAV 17 
HEL 19 
SHE 21 
DON 28 
Hemiptera DAV 1 
HEL 4 
SHE 1 
DON 2 
Hymenoptera DAV 71 
HEL 60 
SHE 64 
DON 46 
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Order Site Percent of Community 
Isoptera DAV 3 
HEL 0 
SHE 0 
DON 11 
Ixodida DAV 0 
HEL 0 
SHE 1 
DON 0 
Lepidoptera DAV 1 
HEL 1 
SHE 0 
DON 1 
Orthoptera DAV 1 
HEL 1 
SHE 0 
DON 0 
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APPENDIXC 
Number of birds of each species at each site sampled for triglyceride analysis in 2011. 
Species Site n 
American Redstart HEL 1 
SHE 1 
Eastern Wood Pewee HEL 1 
Hooded Warbler DON 3 
Great Crested Flycatcher HEL 1 
DON 1 
Grey-cheeked Thrush HEL 5 
DON 1 
Indigo Bunting DON 3 
Louisiana Waterthrush DON 3 
Magnolia Warbler HEL 1 
Northern Parula HEL 1 
Northern Waterthrush HEL 1 
DON 2 
Orchard Oriole HEL 2 
DON 1 
Ovenbird HEL 2 
DON 3 
SHE 3 
Painted Bunting DON 2 
Prothonotary Warbler HEL 1 
DON 3 
Red-eyed Vireo HEL 1 
DON 1 
SHE 4 
Rose-breasted Grosbeak DON 1 
Summer Tanager HEL 1 
SHE 1 
Swainson's Thrush HEL 1 
DON 1 
Veery HEL 2 
Wood Thrush DON 6 
Worm-eating Warbler DON 2 
SHE 1 
Yell ow-breasted Chat HEL 2 
DON 2 
Yellow-billed Cuckoo SHE 1 
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Number of birds of each species at each site sampled for triglyceride analysis in 2012. 
Species 
American Redstart 
Black-and-white Warbler 
Hooded Warbler 
Great Crested Flycatcher 
Grey-cheeked Thrush 
Indigo Bunting 
Louisiana Waterthrush 
Northern Waterthrush 
Orchard Oriole 
Ovenbird 
Rose-breasted Grosbeak 
Summer Tanager 
Swainson' s Thrush 
Veery 
Wood Thrush 
Worm-eating Warbler 
Site n 
HEL 1 
HEL 1 
DON 1 
SHE 2 
DAV 1 
DAV 2 
SHE 1 
DON 1 
DAV 1 
DAV 1 
HEL 1 
DON 1 
HEL 2 
DON 1 
SHE 1 
DAV 1 
HEL 1 
HEL 1 
HEL 3 
DAV 1 
HEL 1 
DON 1 
DAV 1 
DAV 2 
DAV 1 
Hours of mistnetting effort at each site during each sampling year. 
Site Year Net Hours 
HEL 2011 404 
20 12 208 
DAV 2012 11 22 
DON 2011 297 
2012 63 
SHE 2011 598 
20 12 97 
72 
Foraging group classification for each species captured. Groupings are based roughly 
on groups of Barrow et al. (2000). 
Foraging group 
Canopy 
Understory 
Ground 
Species 
American Redstart 
Black-and-white Warbler 
Eastern Wood-Pewee 
Great Crested Flycatcher 
Magnolia Warbler 
Northern Parula 
Orchard Oriole 
Prothonotary Warbler 
Red-eyed Vireo 
Rose-breasted Grosbeak 
Summer Tanager 
Worm-eating Warbler 
Yellow-billed Cuckoo 
Hooded Warbler 
Indigo Bunting 
Painted Bunting 
Yellow-breasted Chat 
Grey-cheeked Thrush 
Louisiana Waterthrush 
Northern Waterthrush 
Ovenbird 
Swainson's Thrush 
Veery 
Wood Thrush 
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